Exposure to low levels of chemicals indoors is often to a mixe of volatile orgnic compounds (VOCs) . It is ofinterest to determine ifthe symptomatic and sensory responses can be attributed to a single chemical or to a mixture of chemicals. To determine if sensory or symptomatic responses differ with exposure to single or mixed VOCs, 100 female subjects participated in a 6-hr exposure study. Subjects were exposed to one ofsix equimolar concentrations equivalent to 24 mg/r3 toluene, control, m-xylene, nwbutyl acetate, m-xylene plus n-butyl acetate, a mixtue of 21 chemicals including n-butyl acetate and m-xylene, and to the same mixtre ofchemicals without n-butyl acetate and mxylene (19 chemicals Volatile organic compounds (VOCs), which originate from diverse sources such as paints, insulation, wood products, carpets, polishes, cleaning products, insecticides, photocopy equipment, and tobacco smoke, contribute to indoor air pollution. The levels of VOCs reported in homes can be quite variable. Otson et al. (1) reported a VOC concentration range of <1-104 pg/m3 in Canadian homes. In a study of U.S. homes, the maximum concentration of VOCs in the indoor air was 16.6 mg/m3 during the night and 367.1 mg/m3 during the day (2) . Other studies (3, 4) have linked variations in VOC levels to hobbies and cigarette smoking, respectively. Levels of VOCs can be elevated when common activities are performed in the home. For example, data on VOC emission rates from wood-finishing products (stains, polyurethane varnish) showed that during and following the application of these products in an unventilated home, consumers could be exposed for 4-6 hr to concentrations of total organic compounds as high as 1,000 mg/m3. With ventilation the indoor VOC concentration was halved to 500 mg/m3 and remained at this level for several hours. Depending on ventilation conditions, the concentration of total organic compounds 16-24 hr after the application of a product was still about 50 mg/m3 (5) .
Health symptoms by some building occupants have been attributed to exposure to indoor air pollution. A constellation of symptoms, including mucous membrane irritation, headache, mental fatigue, nausea, dizziness, pulmonary effects, and nonspecific hyperreactivity reactions, has been called sick building syndrome (SBS) (6) . The SBS symptoms seem to be independent of the putative source, which may include chemicals, pesticides, biological agents, air parameters, or a combination of these factors. The percentage of persons reporting symptoms varies across buildings but, in general, women report symptoms at a higher rate than men (6) (7) (8) (9) (10) .
Among the responses most often reported are irritation of the eyes, nose, and throat (11) . Eye irritation is among the top five categories ofcomplaints associated with SBS (12) (13) (14) , with complaints from 12-48% of the reporting population (13, 14) .
In controlled chamber studies, sensory effects have been reported by several investigators. Molhave et al. (15) exposed persons who reported SBS symptoms to a mixture of chemicals found at ambient levels in new Danish homes. These exposures produced mainly sensory effects. Similar findings were reported (16, 17) when 66 normal male subjects were exposed to the same VOC mixture at 25 mg/m3 for 2.75 hr. These subjects reported mild irritation of the eyes and throat but not the nose. A principal complaint, however, was degradation of air quality, which probably encompassed both olfactory as well as trigeminal stimulation. Measures of central nervous system function such as reaction time, digit span, or coding were not affected (16) . These data are consistent with those reported by Molhave et al. (15) . The (20) . Of the rest of the chemicals, none has an exceptionally low threshold. The thresholds ranged from 0.016 mg/m3 for apinene to 234 mg/m3 for hexane (21 The exposure chemicals were flash evaporated at 250°C in a nitrogen atmosphere, mixed with air, and passed into the plenum ofthe 3,000-ft3 stainless-steel exposure chamber. The chamber atmosphere was maintained at 240C and 40% relative humidity. Chamber variables were all computer controlled, and the exposure concentration was monitored by an FID and controlled to ±3% oftarget.
Procedure. To maintain double-blind conditions subjects were told that they could be exposed to any one of the six exposure conditions and that the research staff interacting with the subjects had no knowledge of the exposure schedule.
Assignment to exposure group was random. The subjects were told that these chemicals were typically found in the indoor environment, that they were below the recommended safety levels, and that none were known or suspected carcinogens. The participants were asked not to discuss the experiment or their responses with the other subjects. Subjects were asked to respond in three formats about their sensory experience or symptoms. These formats were magnitude estimation, categorical, and visual analog (Appendix 2).
To complete the magnitude estimation (22) consisting of questions about odor and irritation strength, subjects were asked to sniff a bottle of pure toluene and 5% acetic acid to provide sensory anchors and standards for magnitude estimation of odor strength and nasal irritation, respectively. Subjects were asked to regard the odor and irritant as an intensity of 100 and rate the chamber atmosphere odor and irritation in multiples of 100.
For example, if the odor strength in the chamVolume 106, Number 1 1, November 1998 * Environmental Health Perspectives Articles * Equivalence of sensory responses ber was half as strong as the anchoring odorant, they should provide the number 50; 1.5 times as strong would result in a response of 150. Sensory and symptom data were computer collected at following intervals: preexposure baseline, 0, 20, 40, 60, 120, 180, 240, 300, and 360 min after the subject entered the chamber. Approximately 1 min lapsed between sampling the sensory anchors for the magnitude estimation questions and responding to the baseline questionnaire (0 time point). The categorical questionnaire (Appendix 2) has been used in a large-scale SBS study (14) . The subjects were also asked to rate the air quality and sensory effects of the chamber atmosphere by positioning a pointer on a visual analog scale presented on a computer screen. The scale ranges were, for example, "no irritationà nd "unacceptably strong irritation" (Appendix 2). Following the acquisition of dean air baseline questionnaire data, the subjects left the chamber while the exposure atmosphere was initiated and stabilized. After the conditions stabilized the subjects again sniffed the toluene and acetic acid to reacquaint themselves and reentered the chamber to begin the 6-hr exposure by completing the next questionnaire. Subjects entered the chamber in approximately 20-min intervals because the time required for the exploratory eye testing (about 20 min) would delay the start of the exposure if all subjects entered the chamber simultaneously. Subjects were permitted to read, converse, or watch television. Two to six subjects participated in each session.
Pilot methods development. Measures of tear film break-up time, conjunctival epithelial damage, and eye redness (ocular hyperemia) were obtained before the start of the experiment and again upon completion of the exposure period. These data will be reported in a separate paper.
Results
One hundred subjects participated in the experiment; 15 in the mixture of 21 strength declined (Fig. 3) . Time (hr) Figure 3 . In comparison with olfactory adaptation (Fig. 1) , it can be observed that as odor intensity declines, air quality improves. Baseline data were obtained atthe -1 time point.
Environmental Health Perspectives * Volume 106, Number 1 1, November 1998 4 5 6 7 in responding between the equimolar exposures, the addition of the clean-air control group permitted further comparisons. When the control group was added to the repeated-measures analyses (Table 1 ), significant differences were obtained on some response measures, notably odor intensity, nasal irritation, air quality, and odor pleasantness. These results are presented in greater detail in Table 2 . As shown in Table 2 , "exposure," "time," and "time by exposure" differed significantly under these analytical conditions. Significant differences indicated that the VOC-exposed group rated their experience as 1) more irritating to the nose, 2) having a greater odor strength, 3) having reduced air quality, and 4) as less pleasant than to the control group. Responses to the items in Table 2 differed in "time," implying that there was a significant difference in responding over the 6-hr exposure. This change over time was rate of adaptation. Significant "time by exposure" implied that when the control condition was added to the analysis, the interaction of "time" and "exposure" was significantly different. In this case the rate of adaptation to the exposure conditions differed from that of the control condition. It should be noted that not all of the exposure groups were different from control, even though the overall analyses were significant. Further comparison of the exposure groups with the control groups were done by iterative comparisons, beginning with the mean most similar to the control group and ending when a significant difference was found. The assumption was that other comparisons after a significant difference would also be significant. In six of the comparisons, none of the experimental groups were different from control. In 4 of the 10 questions xylene was not significantly different from the control exposure. Regardless of question format, xylene was not significantly different from control in nasal irritation, and the mixture of butyl acetate and xylene was not different from control in nasal irritation under the analog or categorical format. The condition for the mixture of 19 chemicals was not different from control in nasal irritation under the categorical format. The absence of butyl acetate and the mixture of 21 chemicals in these comparisons implied that butyl acetate may be contributing more to the sensory impact of the mixture than xylene, even though they were at equimolar concentrations. In combination with xylene, the effects of butyl acetate may have been moderated. Research has indicated that mixtures of odorants are hypoadditive, meaning that the intensity of a mixture is less than the sum of the intensity of the individual components (23) . This finding may apply to nasal irritation as well. That butyl aMagnitude estimation, analog, binary, and category indicate the questio acetate is more irritating than xylene is consistent with its lower irritant potency, as measured by respiratory depression in mice (3, 475 mg/m3 vs. 6,091 mg/m3, respectively (24).
Interestingly, for xylene, odor strength and pleasantness were significantly different in rating from control, whereas nasal irritation was not. These data illustrate that subjects can discriminate nasal irritation from other effects of the chemicals such as odor intensity and hedonics. Had nasal irritation not been different from control, it might be argued that subjects were rating irritation on the basis of odor strength or hedonics. The discrimination may not be made easily by subjects, especially when the hedonics of a chemical may be negative and the odor intensity high. Xylene may be a useful chemical for studies in which these discriminations are of interest.
Discussion
It is clear that when a single VOC or mixture of VOCs was presented to subjects on an equimolar basis, there were no significant differences in symptoms or sensory effects between exposure groups. No mixture or single chemical was more potent as an odorant or irritant, nor did adaptation rate differ with chemical or mixture. These results imply that when subjects were exposed to single chemicals or mixtures that do not have particularly negative odor hedonics or were not strong irritants, little differential responding was recorded. Health-related symptoms were not significantly different between exposure conditions. When compared to the clean-air control group, significant overall differences were observed in some response categories such as odor intensity, nasal irritation, and air quality, but not health effects. The absence of significant differences between the control, xylene, mixture of 19, and butyl acetate plus xylene indicated that xylene was a less potent nasal irritant than were butyl acetate or the mixture of 21 . This was consistent with data showing that butyl acetate produced respiratory effects at a lower concentration that did xylene (24) .
Other studies (15,1/) using the same mixture of 21 chemicals found a similar result. The goal, however, in this experiment was to compare the effect of different VOC mixtures on sensory and symptomatic responding.
No differences in odor adaptation or pleasantness were observed between exposure groups in this experiment. The form of the olfactory adaptation curve was typical of that presented in the literature. The highest olfactory intensity ratings occurred when the subject entered the chamber, and they gradually declined to about 40% of the initial value at the end of the 6-hr exposure. This adaptation curve was like that of the neutral bias condition presented by Dalton (25) , in which subjects were biased by positive, neutral, or negative information about the experimental exposure. Interestingly, subjects in Dalton's negatively biased condition showed initial adaptation, followed by an increase in reported odor intensity, while those in the positive bias condition showed greater adaptation than the negative or neutral bias conditions. Though symptoms were not the primary focus of Dalton's study, 1 1 of the 13 subjects spontaneously reporting symptoms were in the negative bias condition. Thus (25) in olfaction. Indeed, in another study Dalton et al. (29) reported that in a positive bias condition, subjects exposed to 1,967 mg/m3 acetone reported significantly less irritation and fewer health symptoms than those in the neutral or negative bias condition.
In the present study, failure to 
